Introduction {#sec1_1}
============

Bleeding from uremic platelet dysfunction causes significant morbidity in patients with chronic kidney disease, and treatment is complicated by our limited understanding of its exact pathophysiology and comorbid conditions \[[@B1],[@B2],[@B3]\]. Typical presentations include mucocutaneous or postprocedural bleeding \[[@B1],[@B2]\]. While dialysis and improved anemia management with erythropoiesis-stimulating agents have greatly reduced the incidence of this condition, it has not yet been eliminated \[[@B1],[@B2],[@B3]\].

We report a patient with end-stage renal disease who suffered multiple spontaneous life-threatening bleeding episodes due to uremic platelet dysfunction responsive only to transdermal estrogen.

Case Report {#sec1_2}
===========

A 79-year-old male with end-stage renal disease secondary to hypertension presented to the emergency room with lightheadedness. He had been on regular peritoneal dialysis for the preceding 18 months. Five days prior to presentation he had had a tooth extraction complicated by profuse daily bleeding at the wound site. His history was notable for coronary artery disease with coronary artery bypass graft surgery in 1996 and atrial fibrillation. He reported no prior personal or family history of bleeding. His medications included aspirin (81 mg) and warfarin. Laboratory data revealed a subtherapeutic INR (1.0) and severe anemia (hemoglobin 7.1 g/dl). He received 3 units of packed red blood cells (PRBC) and was discharged having been taken off warfarin.

Three weeks later, the patient presented with acute-onset right hip pain from a spontaneous right iliacus hematoma (7.9 × 6.3 cm) and severe anemia requiring multiple PRBC transfusions (table [1](#T1){ref-type="table"}). Aspirin was discontinued but was restarted shortly after discharge. Six weeks after resumption, he developed a spontaneous left psoas hematoma (7.2 × 14.6 cm) and aspirin was permanently discontinued. Over the next 6 months, he required 8 hospital admissions and 25 units of PRBC due to repeated spontaneous gluteal hematomas while being off all anticoagulant and antiplatelet therapies. Dialysis was usually adequate based on urea kinetics calculated during the periods between admissions (table [1](#T1){ref-type="table"}). During admissions, peritoneal dialysis was extended up to 14 h daily to facilitate toxin removal. His hematocrit level was maintained close to 30% by means of PRBC transfusions to ensure cell availability for 'scaffolding' of the vascular endothelium by platelets for optimal functionality. Darbepoetin use was continued in both the inpatient and outpatient setting. Desmopressin was employed once but was subsequently abandoned due to its lack of efficacy and the possibility of tachyphylaxis. None of these measures prevented the formation of new hematomas.

Hematologic workup during this period showed that PT/INR, activated partial thromboplastin time, platelet count, factors VIII, IX, XI and XIII, fibrinogen, euglobulin clot lysis time and vitamin C levels were within normal limits. High levels of von Willebrand factor antigen (447%, normal range 60-150%) and ristocetin cofactor (542%, normal range 50-175%) were noted. Platelet function testing on whole blood revealed low release to thrombin and low-dose collagen, borderline low release to high-dose collagen and adenosine diphosphate, and normal release to arachidonic acid. Normal aggregation was observed to all agonists. Based on these findings, platelet dysfunction was diagnosed, which, with no other identifiable cause present, was deemed secondary to uremia.

The patient experienced such deterioration in quality of life that he even considered stopping dialysis and electing only palliative treatment. After multidisciplinary discussions and with informed consent, the patient was offered transdermal estradiol patches starting at 50 μg/day once every 3.5 days \[[@B4]\]. The transdermal route was offered based on data suggesting an association with lower thrombotic risk \[[@B5],[@B6]\]. Treatment was started in September 2010. After a 16-month period of complete clinical stability, the dose was reduced to 25 μg/day every 3.5 days. Over a total treatment time of 25 months using estradiol patches, the patient suffered no further bleeding or new cardiac events. Repeat CT scans of the abdomen in February 2012 and July 2012 confirmed the resolution of the previous retroperitoneal hematomas without new findings. Recently, the patient has elected to come off treatment on the recommendation of his cardiology team.

Discussion {#sec1_3}
==========

The mainstay of preventing uremic platelet dysfunction is regular adequate dialysis to reduce the toxic milieu that impairs platelet function and to improve their functionality. Evidence suggests that peritoneal dialysis may have a greater influence on platelet aggregation than hemodialysis \[[@B3]\].

For patients with persisting platelet dysfunction despite dialysis, conjugated estrogens have been utilized \[[@B4],[@B7]\]. The knowledge of their efficacy and mechanism of action is based on several small studies conducted in the 1980s. The proposed mechanism is attributed to the effect of conjugated estrogens on reducing L-arginine levels, thereby reducing the production of nitric oxide, which is an inhibitor of platelet aggregation \[[@B1],[@B3]\]. Consequently, estrogens promote platelet reactivity by increasing the serum levels of β-thromboglobulin and thromboxane \[[@B2],[@B3],[@B7]\]. Evidence suggests that their effects on bleeding time and clinical bleeding are dose dependent \[[@B8]\].

The risk of thrombotic events associated with the use of estrogen in elderly dialysis patients with cardiovascular disease is a major concern, and the long-term effects of transdermal estrogens have not yet been studied in this population. The typical dose of estrogen used for uremic bleeding is comparable to the dosages used for the purpose of hormone replacement in menopausal women. A systematic review by Hemelaar et al. \[[@B5]\] supported the safety of nonoral routes of estrogen administration for postmenopausal hormone replacement therapy compared to oral estrogens, with respect to the risk of developing atherosclerotic and venous thromboembolic disease. A meta-analysis conducted by Olié et al. \[[@B6]\] further supported these findings. Potentially, this route avoids the first-pass metabolism that oral estrogens undergo, which may subsequently increase the hepatic synthesis of inflammatory markers and alter the production of proteins participating in hemostasis \[[@B4],[@B6]\]. In addition, an increased incidence of acquired activated protein C resistance has been described in oral but not in transdermal estrogen users \[[@B6]\]. In light of this information, the European Menopause and Andropause Society favors the transdermal route in patients who require estrogen therapy because they are suffering from coronary disease or are at high risk for venous thromboembolic disease \[[@B9],[@B10]\].

It is premature to extrapolate these results to patients with uremic platelet dysfunction. However, the long-term success and safety of using transdermal estrogen outlined in this report are encouraging and warrant consideration of this option in treating uremic platelet dysfunction.
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###### 

Laboratory data on the days of admission along with preceding Kt/V

  Date        Hematocrit, %   Platelets,   ×10^3^/μl   INR    APTT, s   Kt/V   
  ----------- --------------- ------------ ----------- ------ --------- ------ -----
  2/15/2010                                                   2.23             
  3/18/2010   21              195          1.0         24.5                    
  4/9/2010    22              355          1.2                                 
                                                                               
  4/23/2010   27              358                                              
  6/4/2010    34              241          1.0         23.0                    
  7/8/2010                                                                     1.5
                                                                               
  7/26/2010   33              291          1.0         26.7                    
  8/4/2010    25              260          1.0         27.5                    
  8/11/2010   27              327          1.0         27.8                    
                                                                               
  9/1/2010    32              339          1.0         26.9                    
  9/24/2010                                                                    2.3

APTT = Activated partial thromboplastin time.
